One of the possible fields of application of wet magnetic separation waste of ferruginous quartzite was considered in the paper. For Belgorod and neighbouring regions, the problem of this waste utilization is quite acute. The most effective specific surface of the filler, by which the averaging of grains with insignificant inclusion of larger aggregates is observed, was revealed. At that, large particles of technogenic sand, presented mainly by contact metamorphic quartz, facilitate the grinding intensification, acting as peculiar additional grinding bodies, but the grains themselves in waste magnetic separation (WMS) acquire a rounded cubical form, increasing packing density of the mixture. The use of finely ground microadmixture in cement showed that introduction of 1 % of the waste mass of wet magnetic separation of ferruginous quartzites with the specific surface of 600 m 2 /kg increases the cement strength approximately 1,7 times.
INTRODUCTION
Interest in the problem of using finely ground and superdispersed materials in the technology of astringents and concretes increases every year. At that, the most important question of this direction of studies is a mechanism of influence of admixtures on the hydration processes of the mixed astringent and formation of the stone structure [1] [2] [3] . Understanding the physical and chemical essence of occurring processes allows controlling them, and, consequently, synthesizing materials with a specified set of exploitation characteristics [4] [5] [6] .
The structure exerts a decisive influence on the strength and deformable characteristics of concrete. It is coarsely heterogeneous and is formed as a space lattice made of cement stone, which is filled with grains of coarse and fine fillers and is penetrated with numerous defects in the form of microcracks, micropores and capillaries, containing chemically inbound water, water vapours and air.
The structure of cement stone is complex and heterogeneous. Interaction of the hard crystal part of cement stone with its lamella gel part exerts a decisive influence on the concrete strength. The gel constituent decreases with time whereas crystal one increases. The nature of nucleation and crystallisation of a new phase during hardening of the astringent materials is determined by the values of the interface area, specific surface of the material. The ratio in time between two constituents of cement stone mainly depends on the cement grade and fineness of grinding. The finer the cement grinding is, the quicker the hard crystal part grows [7] .
The latter is also explained by the fact that the concentration of defects on the surface of cement particles grows exponentially with a decrease of the crystal size. Therefore, high rates of hydration of fine fractions of cement are connected not only with their high specific surface, but also with their higher defect concentration on the surface.
Hence, it is evident that the most important characteristic of the astringent is a value of the area of specific surface, connected with the granulometric composition. Therefore, it is necessary not only to increase the specific surface of astringents, but also to try to provide an optimal granulometric composition by means of introduction of different fillers [8, 9] . The nature and properties of the filler exert considerable influence on the quality of the astringent.
It is known that when introducing mineral aggregates and fillers in cement systems, the processes of hydration of clinker minerals are intensified. When hydrating Portland cement in the presence of minerals-admixtures, the displacement to earlier terms of beginning of hydrate masses' formation is observed. The intensity of the processes of hydrates accumulation increases [10] .
The effective influence of finely dispersed admixtures in cement is based on a property of their particles to act as nucleation centres, i.e. to accelerate the initial stage of chemical hardening [11] .
The accumulated scientific and practical experience of utilization of industrial waste in Russia and abroad allows assessing it as a valuable raw material for production of building materials. A complex, physical and chemical composition and structure of waste of a number of industrial productions allow considering them as a real raw-material base of the building materials industry, including production of astringents.
For the Central Black Earth Region of RF, the problem of effective use of waste of mining and beneficiating productions is quite acute. It is known that a large number of works are devoted to an opportunity of applying the rocks and technogenic KMA waste in construction.
Extraction of ferruginous quartzites is accompanied by emission of large amount of waste of wet magnetic separation (WMS). Technology of their storage in the surface tailing dumps includes transporting, piling, payment for seized grounds, pumping the water for recirculated water supply, providing safe exploitation of hydro-engineering facilities, etc., which leads to considerable expenditures, increasing the cost price of iron-ore concentrates and reducing production profitability [12, 13] .
Therefore, it is economically feasible to use technogenic KMA waste as a fine-grained aggregate and filler of astringents. On the territory of Kursk magnetic anomaly, the large-tonnage waste is the waste of wet magnetic separation (WMS) of ferruginous quartzite ( Fig. 1 ).
Fig. 1. External view of WMS waste of ferruginous quartzites
Besides, these are primary components which have accumulated energy as a result of geological and technogenic effects. The energy, accumulated in the tailings under the influence of the mechanical activation, affects the processes of structure formation in the system "wet magnetic separation waste of ferruginous quartzites -Portland cement". Thus, for example, during refinement of polymineral rocks (granite, gneiss, diorite, etc.) during destruction by the contacts of minerals, grains of primary minerals preserve the form similar to habitus of their crystals (prismatic, columnar, needle-shaped, lamellar, isometric, etc.) [14, 15] . When monomineral rock (quartzite, limestone) is destructed, the grain form is determined by structural and texture peculiarities (presence or absence of grain orientation in space), mineral composition (crystal habitus, type of cleavage), typomorphic peculiarities (degree of defectiveness of mineral aggregates, etc.). This determines the peculiarities of the synthesis of new formations when interacting with cement [16] .
The use of wet magnetic separation waste as a mineral admixture is more effective as compared to quartz sand of sedimentary rocks. This is conditioned by typomorphic peculiarities of raw materials, defectiveness of its crystal lattice, presence of gas admixtures, fluids and mineral-
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forming environment, i.e. they are genetically active raw material [17] .
In this paper, cement samples with different contents of the mineral admixture, represented by WMS waste of ferruginous quartzites, were studied. To obtain samples, the following materials were used: WMS waste, ground up to the specific surface of 400 m 2 /kg and 600 m 2 /kg; Portland cement TSEM I 42.5N GOST 31108-2003. The influence of different WMS dosages on the strength of the sample sized 1х1х1 cm was studied. The study of the granulometric composition, which exerts influence on water consumption, rates of strength accumulation, activity of astringents allows one to broaden the idea about materials, "looking inside" the fine-dispersed systems. The granulometric composition of the filler, ground up to different specific surfaces, was studied ( Fig. 2 , Tables 1, 2 ). When comparing the granulometric composition of two fillers, the following results were obtained. Thus, the most number of particles in both cements corresponds to the sizes of 2-100 µm. WMS 600 differs from WMS 600 by the displacement in the interval of sizes 100-150 µm in the direction of greater values. This predetermines a higher water demand in the latter. The presence of a greater number of ultimate particles, beginning with 40 µm in WMS 600, allows implying a higher reactivity of the filler. It is evident that a water consumption increase of the filler can lead to the increase of the water consumption of the cement system on its basis. This must be taken into account when selecting an optimal amount of admixture.
The stick-slip nature of the curve of the granulometric composition exerts a positive influence on the formation of the microstructure of cement stone owing to a denser spatial piling of particles and, consequently, obtainment of denser stone. WMS 600 waste has a displaced location of particles by sizes in the direction of low values, which predetermines higher rates of astringent hydration using this admixture.
Hydraulic activity of materials, widely used as finely ground mineral admixtures in astringents (natural and technogenic sands, slags, volcanic rocks, etc.), was studied in numerous works of the Russian and foreign experts. The peculiarities of manifesting pozzolatic and hydraulic properties by such materials is of great importance from the viewpoint of their application in the composition of composite astringents and their influence on cements' durability.
The pozzolatic reaction is distinctive because the mixture of pozzolan, calcium hydroxide and water consolidates already at room temperature. Although pozzolans, as such, are absent from natural and technogenic sands with a high dispersity degree, obtained by mechanic and chemical activation, mineral crystal material transforms into amorphous. As a result, owing to obtained reserve of free energy and thermodynamic instability, amorphized particles of non-clinker components can manifest hydraulic 1 2
activity. The products of interaction of natural and technogenic sands with calcium hydroxide, as is known, are mainly low-base hydrosilicates С-S-Н (I), hydroaluminates and calcium hydroferrites, which improves strength and deformability properties of concrete, increasing the gel constituent of cement stone [7, 8] .
It is established that introduction of waste in all cases increases the strength of samples as compared to the test cement ( Table 3 , ∆R28, %).
Pozzolatic effect of influence of finely dispersed admixtures in concretes manifests itself in the chemical interaction of active silica with lime by the scheme:
At that, the strengths of samples, containing the admixture with the specific surface of 600 m 2 /kg, with different dosages of the latter, are close in values between themselves, which reduce gradually with the increase of the WMS dosage. Thus, with 1 % of consumption, this indicator is higher approximately by 16 % as compared to samples with a 15% dosage ( Table 3 , Fig. 3 ). This is related to the specific surface of WMS waste and, as a consequence, to the increase of water consumption along with the admixture consumption. Chemical and mineralogical characteristics of admixture and pozzolatic influence on the basic properties of the astringent system in the early period do not exert considerable influence since new phases-crystalline hydrates occupy an insignificant volume.
But at the second stage of hydration, chemical processes in the mixed astringents take on a great importance and lead to substantial change of the phase composition of the system: the balance between primary crystalline hydrates (portlandit and high-base calcium hydrosilicates -CHS) and secondary more stable fine-crystalline hydrates (low-base CHS) shifts in the direction of the latter. Displacement of the balance depends, in the first place, on the chemical and mineralogical factorsthe chemical composition and pozzolatic activity of admixtures. Balance displacement of hydrated new formations in the direction of the increase of the number of low-base CHS of C-S-H(1)-type is a necessary condition of increasing the density and strength of cement stone.
However, this condition is sufficient until excessive amount of filler is enveloping the surface of new phases and by this preventing from formation contacts of intergrowth between crystalline hydrates. Thus, in the mixed system, there is an optimal volume concentration of finely dispersed material with consideration of its hydraulic activity. For inert micro-filler, an optimal dosage can be a volume comparable with the volume of capillary pores and necessary for consolidation of the structure.
The samples structure of the optimal compositions is homogeneous with uniformly distributed microformations throughout the entire volume of the material. However, microporosity, related to the increase of water consumption of samples when introducing 15 % of WMS, is observed in samples with a high consumption of admixture ( Fig. 4) .
At that, a denser packing of grains owing to a decrease of filler's particle sizes and an increase of their number is observed. This is related to the destruction of not only aggregates of minerals, but also partially of rock forming minerals.
Coarse particlesgrains of clinker and separate clinker minerals, active mineral admixtures, hydrated from the surface, become the sites of the space lattice of cement stone.
Crystalline hydrates, formed simultaneously or subsequently depending on the activity of the initial mineral, fill free space in the cement stone and bind with already existing frame. Strength of the consolidated system will be determined by the strength of the crystals themselves. Therefore, the higher the strength of the admixture particles introduced in the cement is, the better the whole system strengthens.
By the nature of particles and their coarseness, it is possible to imply that a chalcedonic variant of the regionally metamorphized weakly ordered quartz will be ground faster, thendynamometamorphic, and after itcontactmetamorphic quartz will be ground.
Thus, the authors proposed the principles of increasing the effectiveness of the cement systems, consisting in using a finely ground mineral component, WMS waste of ferruginous quartzites, obtained by the grinding up to the optimal specific surface, which owing to the complex synergetically strengthened influence of the filler, as well as the heterogeneous granulometric composition, will exert directional influence on the formation of the structure during consolidation of the astringent, densening and strengthening the structure.
The most effective specific surface of the filler, by which grains' averaging is observed in case of insignificant embedment of coarser aggregates, was revealed. At that, coarse particles of technogenic sand, mainly represented by contact metamorphic quartz, enable intensification of grinding, acting as peculiar additional grinding bodies, 
whereas the WMS grains themselves acquire rounded cubical form, increasing the density of mixture packing.
It was established that the optimal dosage of WMS waste with specific surface of 600 m 2 /kg is 1 % of the cement mass. This is related to the high specific surface of WMS waste and, as a consequence, to the increase of water consumption along with the increase of admixture consumption. With the specific surface of 400 m 2 /kg, the maximal strength is reached with a 10 % consumption of the admixture.
Using 1 % by the mass of finely ground WMS as a microadmixture to cement with the specific surface of 600 m 2 /kg led to the 1,7-time increase of the cement strength. This will allow decreasing the cement consumption or using cement of the lower grade. This is especially relevant under conditions of economic crisis and price rising during construction.
